The capacity of Multiple Input Multiple Output (MIMO) systems has received much attention in recent years. This paper presents the simulated capacity results that could be achieved when side by side, echelon, collinear arrays are used in the MIMO systems. Here we investigate the MIMO system capacity using Spatial Channel Model (SCM), proposed by standardization bodies (3GPP-3GPP2) for third generation system and also compared the simulation results with one ring model. In the one ring channel model, multi-polarized antennas are used in the simulations. The polarization change at every scatter is included using a dyad. The impact of number of antennas, inter-element spacing and mutual coupling for one ring channel model scenario were also examined.
1.INTRODUCTION
The demand for spectral efficiency in wireless communication is ever increasing. It has been established in [1] , that using antenna arrays at the transmitter and the receiver can increase the capacity. The capacity is proportional to minimum of number of transmitting elements and number of receiving elements. The capacity depends mainly on the channel and the antenna characteristics. The capacity can be improved by proper design of antenna elements [2] and choosing appropriate array configuration [3] . Therefore it is important to know how various array configurations are performing in the case of MIMO. It is shown that the directive elements give more capacity than omni directional elements. The mutual coupling [4] also changes the capacity considerably. When the spacing between the elements is less than 0.5 , the effect of mutual coupling is more. The aim of this work is to evaluate the capacity of the side by side, echelon and collinear array configurations and compare the performance. The effect of mutual coupling is also incorporated in the simulation for all the configurations. Collinear and echelon configurations show less mutual impedance than side by side configuration [5] and hence they can offer better capacity than the side by side case.
Usually the physical channel model incorporates important parameters such as Doppler frequency, angle of departure, angle of arrival and angle spread. One ring model and SCM model are the examples of physical narrowband channel models. As compared to independent identically distributed (i.i.d) channel model, the one ring model takes into account the inter-element distance which makes it possible to mutual coupling and correlation effects.
The SCM is a standardized model developed by 3GPP-3GPP2 for evaluating MIMO system performance in outdoor environments [6] . This model offers three propagation scenarios: Suburban macro-cell, urban macro-cell and urban microcell. The organization of the paper is as follows. Section 2 reviews capacity formula including mutual coupling, one ring and SCM channel model. Section 3 gives the antenna configurations of interest, the mutual coupling formulae between the elements and the expression for radiation pattern for dipoles in different orientations. Section 4 discusses the results.
2.CAPACITY AND CHANNEL 2.1Capacity including mutual coupling
For a narrow band case MIMO channel when CSI is not known at the transmitter, the capacity is given by [1] (1)where is the average signal to noise ratio at each receiver and H is the T N R N × channel matrix. More often each element of H is taken to be i.i.d complex gaussian distributed random variable signifying the each pair of transmit and receive antennas experiences independent fading. But, this not true in practical situation. Because of spacing and mutual coupling between the elements, independent fading is not a valid assumption. In [7] , the effect of coupling between antenna elements is included in the channel matrix as given below.
Where b C is the coupling matrix at the base station and m C is coupling matrix at the mobile. The expression for coupling matrix is defined as [7] (3)
ZA is antenna impedance in isolation, IN is identity matrix .ZT is the impedance of the receiver at each antenna element, chosen as the complex conjugate of ZA to obtain an impedance match for maximum power transfer and Z is the NT*NR mutual impedance matrix.
2.2SCM Channel Model
The SCM is a system level for simulating suburban macro-cell, urban macro-cell and urban micro-cell fading environments [6] , [8] . It considers N cluster of scatterers. Each cluster corresponds to a resolvable path. Within a resolvable path (cluster), there are M unresolvable subpaths. In this paper we consider a downlink system where a base station ( 
where k is the wave number 2 / , is the carrier wavelength in meters, Pn is the power of the nth path, M is the number of subpaths per path, ds is the distance in meters from BS antenna element s to the reference(s=1) antenna, du is the distance in meters from MS antenna element u to the reference antenna, v is the magnitude of the MS velocity vector,
is the angle of arrival for the mth subpath of the nth path with respect to the MS broadside and
is the angle of departure for the mth subpath of the nth path with respect to the BS broadside. A simplified plot of this model is shown in Figure 1 . 
2.3One Ring Channel Model
To include the channel characteristics, the one ring channel model proposed in [9] is used here in the simulation. It is a widely used model for outdoor environment. The scenario has multiple transmit antennas (NT) at mobile and multiple receive antennas (NR) at the base station. There are Ns scatterers around the mobile terminal. At every scatter the polarization is included a dyad The orientation of the field is given by For the simulation of collinear structures, the pattern expressions for horizontal "y" directed dipole must be found and is given by
Dipole pattern expressions
The orientation of the field for this case is determined by the â and â .
3.2Mutual coupling expressions
The self impedance of the dipole is The mutual impedance for collinear configuration is derived to be [5] Where The mutual impedance for Echelon configuration is derived to be Where
4.RESULTS AND DISCUSSION
In this section, we analyse the MIMO capacity using the SCM channel model and one ring model. Here we consider suburban macrocell and urban microcell propagation scenarios. This is because the simulated capacity of the suburban macrocell and urban macrocell environments was found to be close to each other. This may be due to the fact that path loss and shadowing are not considered in (1) .The main simulation parameters are given in Table I . In the one ring model, the distance between BS and MS are assumed to be 30λ, 40 scatters are uniformly distributed on the scatterer ring of radius 100 λ. The frequency of operation is 5GHz. The BS is assumed to be placed at the origin of XY coordinate system and MS on the x axis at a distance of 30 λ. Figure 4 shows mean capacity as a function of the number of antennas for i.i.d, one ring and SCM channel models. The SNR is set to 20dB.The mean capacity of urban microcell scenario is greater than the suburban macrocell scenario. The i.i.d channel capacity increase linearly with the number of antennas and the one ring channel model capacity is also close to the i.i.d channel model capacity and the multipath richness is greater in urban microcell, which leads to lower correlation and thus higher capacity. The SNR is varied from 3 to 12db and the corresponding capacities over this SNR range, for different channel model are plotted in figure 5 . Figure 6 shows the mean capacity for Lr=Lt=5λ,l=0.5 λ SNR=10dB and variable NT with NT=NR. If the spacing between the antenna elements is less than 0.5 , then there will be coupling between antenna elements. So channel capacity decreases with mutual coupling. . Mean capacity of MIMO system with mutual coupling and equal length at the two ends Figure 7 shows the Complementary Cumulative Density Function (CCDF) for different antenna configuration using one ring channel model. The separation between base-elements is held at db = 2 and mobile element is held at 0.1 . It also shows the capacity for the case of idealized i.i.d. channel coefficients.
Collinear and collinear arrangement at the BS and echelon arrangement at the MS offer better capacity results than side by side arrangement. Fig 8 shows the mean capacity versus interelement spacing for one ring channel model and SNR=10dB, NT=NR=5, dT=0.5 . When inter-element distance is greater than 0.4 , the capacity results with mutual coupling are roughly the same. This indicates that the effect of mutual coupling can be neglected when inter-element distance is greater than 0.4 . 
5.CONCLUSION
In this paper we have analyzed the capacity of the MIMO systems for different Spatial Channel Model and one ring model. It has been shown that the SCM capacity of the urban microcell was found to be higher than the capacity of the suburban macrocell. The MIMO capacities of echelon and collinear dipole array configurations are evaluated using Monte Carlo simulations and compared with the usual side by side configuration. In addition mutual coupling is negligible for inter-element distances greater than about 0.4 . Echelon and collinear dipole array configurations show less mutual impedance and dissimilar radiation patterns than side by side configuration and hence they can offer better capacity than side by side case.
